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The amount of loaded Co-Mo metal on the Y-Zeolite Ultra Stable (USY) was 
increased by the addition of activated carbon in the pre-impregnation 
process. USY modification was done by adding activated carbon to USY as 
much as 10 wt%. The process of adding activated carbon is carried out by 
three methods, i.e., grinding with sucrose binder (ACU1), without sucrose 
(ACU2), and conducting by ball milling (ACU3). Wet impregnation method 
was employed to disperse the Co and Mo, sequentially. Composites were 
characterized using Fourier Transform Infrared (FTIR), X-ray diffraction 
(XRD), and surface area analyzer (SAA). Metal dispersions were observed by 
X-ray fluorescence (XRF). The FTIR suggests an interaction between USY and 
activated car-bon, while the XRD result indicated the none structural 
transformation of USY zeolite. The SAA analysis showed an increased total 
pore radius with the activated carbon addition. The XRF confirmed the 
increasing of total metals dispersion of 6.25% (ACU1); 5.48%(ACU2); 5.18% 
(ACU3); compare to USY origin with 3.28% metals loaded.  
Keywords: activated carbon, USY, pre-impregnation, Co, Mo 
Introduction 
The embedded transition metal in the host 
material can increase the selectivity and catalyst 
activity[1]. The combination of two metals as a 
bimetallic catalyst shows an improved optical, 
electronic, and catalytic properties than a single 
metal[2].  
It is challenging to disperse metals into the host 
material in a large amount. There are no definite 
of the best methods to embed metals on it. In 
fact, various factors responsible for it, including 
surface area, pore size, metal size, and the host 
material's cation-exchange capacity. The method 
of such as co-impregnation with sequential 
metal loading was reported successfully to 
increase metals dispersion in zeolites[3]–[6].  
The deposition process of transition metals in 
the zeolite is generally carried out by the wet 
impregnation or cation exchange methods. 
Technically, it simple, less time consumed, and 
less waste remained. However, it resulted a non-
uniform dispersion, depending on the methods; 
metals; and zeolite type. Homogeneity and 
metals aggregate formed over the host affect the 
effectiveness and selectivity of catalyst[7]–[12].  
Combining alumina and zeolite with activated 
carbon as a composite improves the efficiency of 
their adsorption to heavy metal contaminants. 
Active carbon is used to trap the adsorbed 
metals by utilizing its pores and active group[13]–
[16]. The addition of activated carbon in porous 
materials is expected to increase the number of 
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impregnation phase. The technique on adding 
the activated carbon to the zeolite needs to be 
studied because potentially counterproductive, 
such as blocking pores, reducing acidity, or 
damaging the zeolite structure in high pressure. 
In previous research, the conducted co-
impregnation of Co and Mo metals into USY 
zeolites with various concentrations of Co and 
Mo precursors. The maximum of the total 
loaded metals is less than 5 wt%[17],[18].  This 
paper discus the effect of the adding methods of 
activated carbon by 10 wt% in USY to the 
catalyst properties and the amount of Co and Mo 
metals loaded. Compositing an activated carbon 
with other solid materials can be done by 
grinding using porcelain or ball milling[19],[20]. 
The two method were conducted on porcelain 
by grinding with sucrose binder (ACU1), 
grinding without sucrose (ACU2). The third 




Coconut shell, distilled water, aquabidest, 
H2SO4 (pro analysis 98%, E. Merck), sucrose (pro 
analysis, E. Merck), USY (Tosoh Corporation, 
Japan), ammonium heptamolybdate 
tetrahydrate [(NH4)6Mo7O24∙4H2O] (p.a, Merck), 
cobalt(II) nitrate hexahydrate [Co(NO3)2∙6H2O] 
(p.a, Merck), ammonia [NH3]  (p.a 12%, Merck), 
N2, O2, H2 from PT Samatour. 
Instruments 
X-ray diffraction (XRD, Philips X'Pert 
diffractometer), surface area analyzer (SAA, 
Nova e- series), Fourier transform infrared (FT-
IR-8201 PC) (range of wave numbers between 
400-4000 cm-1), X-ray fluorescence (XRF, Bruker 
S2 Ranger). 
Methods 
Activated carbon is produced from coconut 
shells following the Yusmartini et al process[21] 
Activated carbon tested refers to the Indonesian 
National Standard (SNI) 06-3730-1995, including 
the determination of yield, moisture content, 
flight substance content, and ash content. 
Activation methods of the USY zeolite was 
following Nugrahaningtyas et al[17]. The process 
of adding activated carbon-zeolite USY (ACU) 
was carried out as follows, 17 g of USY and 10 
wt% KA were added and crushed firmly in a 
porcelain mortar and then added 1 mL of 
saturated solution of sucrose as a binder for 1 h. 
The resulting paste is then stored for 24 h and 
dried in an oven at 105 °C for 1 h. Dried samples 
were calcined at a temperature of 250 °C and 
labelled as ACU1. The method was repeated 
with the same steps without the addition of 
sucrose and labelled as ACU2. The last method, 
the addition of activated carbon was done by 
ball milling for 1 h at a speed of 350 rpm and 
labeled as ACU3. The three of ACU were 
analyzed using FTIR to identify existing 
functional groups. The XRD was performed to 
determine the impact of adding KA on the 
crystallinity of USY. The BET method to 
determine surface area and the pore radius was 
performed using SAA. 
An ammonia solution with the same 
concentration of 3.186 M for 18 mL was applied 
to every 15 g of ACU1, ACU2, and ACU3.  An 
[(NH4)6Mo7O24∙4H2O] with a metal precursor 
concentration of 0.037 M was added to the 
solution, followed by a reflux procedure at 60 °C 
for 2 h. After 2 h, the residual filtered sample 
was put in a volumetric flask and added with 
[Co(NO3)2∙6H2O] salt with a concentration of 
0.018 M of the metal precursor Mo, then heated 
under reflux at 60 °C for 2 h. The sample is then 
filtered, and the residue is dried using a vacuum 
evaporator at a pressure of 72 mbar and a 
temperature of 40 °C until the sample is dry and 
becomes a powder. For comparison, in the same 
procedure, the metals impregnation was carried 
out in USY without the addition of activated 
carbon. 
The dried powder sample was then calcined 
with N2 at 550 °C for 3 h, followed by an 
oxidizing procedure using O2 at 400 °C for 2 h, 
then reduced by H2 gas at 400 °C for 2 h. The 




 77 DOI: https://doi.org/10.25077/jrk.v12i2.384 
  Vol. 12, No. 2, September 2021 J. Ris. Kim. 
  Results and Disscusion 
Figure 1 shows the FTIR results of the five 
samples, namely, activated carbon, USY, ACU1, 
ACU2, and ACU3. Depicted in Figure 1A, the O-
H spectra of activated carbon have a broad peak 
at wave number 3441.16 cm-1. An absorption 
band at wave number 1189.17 cm-1 is also 
observed, which belongs to C-O vibration from 
carboxylic acids, alcohols, phenols, or esters. At 
the wave number 1695.50 cm-1, a C=O vibration 
generally comes from the carboxylic acids, 
ketones, aldehydes, or esters. The aromatic C=C 
functional group appears at wave number 
1589.41 cm-1[22]. 
For the USY, the wave number of O-H vibration 
appears at 3388.11 cm-1, originating from the Si-
OH and Al-OH groups special for O-H stretch. 
Meanwhile, the characteristic appears around 
1500-1600 cm-1 denoted as O-H bend from those 
groups[23]. The Si-O and Al-O vibration were 
shown by the absorption at 821.71 cm-1 and 
1020.39 cm-1, respectively. The peak of the 
spectra at wave number 456.18 cm-1 shows the 
bending mode of Si-O and Al-O. 
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The wave number of 3500 cm-1 is also observed 
for ACU1, ACU2, and ACU3, which indicates O-
H groups' presence. However, it is smaller than 
the USY's spectra, confirming less silanol or 
aluminol sites on USY with the activated 
carbon's presence. The intensity of the spectra at 
the wave numbers around 1500 cm-1 and 1600 
cm-1 is also reduced. It confirms that the O-H 
bend of USY restrain by the activated carbon. 
The spectra's difference at the corresponding 
wave number indicates the possibility of 
interaction of silanol and aluminol groups with 
O-H, C=O or C=C of activated carbon. In fact, the 
only possibility of hydrogen bonding between 
USY and activated carbon is via silanol or 
aluminol groups with the carbon’s group which 
rich of electron. Around 1300-1000 cm-1 show the 
deformation of the spectra. The spectra at the 
corresponds number shows the characteristics of 
activated carbon groups, agree with the FTIR 
result of activated carbon reported in the 
previous paper[24],[25]. By that, the USY and the 
activated carbon was a physical interaction. 
The crystallinity of the ACUs was analyzed 
using XRD qualitatively. The analysis is 
conducted at a range of 2θ = 5-90°. The 
diffractograms of the USY was fitted using 
standard data of the Crystallography Open 
Database. Figure 2 shows the diffractogram of 
the USY matching with the COD No. 96-300-
0175 (Al4.8 Na0.7 O24 Si7.2); COD No. 96-153-
6102 (Al2.96 O22.32 Si8.94), and COD No. 96-
152-9944 (Al57.0048 Li46 O384 Si134.995). The 
correspond standard FoM (Figure of Merit) and 
present phase quantity are 0.95 (87.7%), 0.95 
(6.2%) and 0.93 (6.1%), respectively. The 2θ 
characteristics of USY of 6.2; 10.2; 11.9; 15.7; 23.8; 
27.9; 31.6; and 34.3° fit the standard. This 2θ  
pattern is compatible with the USY refinement 
approach that correlates to the ICSD #31542 data 
as well as other comparable studies[17],[18],[26],[27]. 
The activated carbon in amorphous phase has 2θ 
characteristic of 24°[24],[25],[28]–[30], it overlaps to the 
USY characteristic. 
 
Figure 2. The USY diffractogram pattern match to the standard COD No. 96-300-0175 (Al4.8 Na0.7 O24 
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  The addition of the carbon standard to the XRD 
pattern using a refinery method do not give 
satisfying result, covered by the strong 
similarity of the USY pattern as shown in Figure 
3. 
Figure 3 shows the characteristics of ACUs with 
a similar pattern to the USY at corresponds 2θ, 
affirming no d-spacing shifting after the 
addition of activated carbon. In order to predict 
the similarity of the crystal phase, the total peak 
area of each ACU is then compared to the USY. 
The dashed line shows the cumulative area of 
peaks. Figures 3b, 3c, and 3d depict the 
cumulative peaks of ACU1, ACU2, and ACU3 
less than the USY (Figure 3a) with the similarity 
of 84.3%, 98.6 %, and 58.2 %, respectively. The 
procedures to incorporate the activated carbon 
affected the USY's crystallinity. In ACU3, an 
effective crushing method with ball milling 
significantly reduced the crystallinity. 
The surface area properties of the activated 
carbon, USY, and the three ACUs were 
determined using N2 isothermal adsorption-
desorption. An open-loop hysteresis has 
occurred in the activated carbon's curve. It 
resulted from the adsorption-desorption, which 
does not overlap at the lower p/po (Figure 4). 
 
 
Figure 3. The diffractogram (a) USY, (b) ACU1, (c) ACU2, (d) ACU3. 
 
 
Figure 4. Adsorption desorption isotherm of activated carbon. 
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Table 1. Analysis result of surface area, pore volume and pore radius 
Type Surface Area (m2/g) 




AC 48.4 0.02 29.00 
USY 627.8 0.10 15.30 
ACU1  184.2 0.19 21.27 
ACU2  435.4 0.33 15.20 
ACU3 423.2 0.33 16.20 
 
When depressurization is processed, the 
adsorbed N2 remains in the micropore. 
However, according to the multipoint BET 
analysis, activated carbon has a large pore 
radius of 29 Å with a surface area of 48.4 m2/g 
(Table 1). 
The curves for adsorption-desorption of all 
ACUs are below the USY. As seen in Figure 5a, 
the amount of adsorbed N2 in the USY is 
superior to the three ACUs, confirming a less 
surface area than USY. An open-loop hysteresis 
is seen in Figure 5b, affirming a carbon surface 
character in the ACU1. The ACU1 has the lowest 
surface area; the adsorbed N2 volume is smaller 
than that of other ACUs. A greater pore size, 
however, is confirmed by the broader region of 
loop hysteresis. Closed-loop hysteresis was 
observed for ACU2 and ACU3 at a p/po of 0.4 to 
1 (Figures 5c and 5d). The ACU2 and ACU3 
curves are above the ACU1, indicating that there 
is a larger surface area. In detail, Table 1 displays 
the surface properties of the related materials. 
 
 
Figure 5. Adsorption-desorption isotherm (a) USY, (b) ACU1, (c) ACU2, (d) ACU3. 
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  Table 2. The XRF result of metals content 
Name Co (%) Mo (%) Total (%) 
USY 2.63 0.65 3.28 
ACU1 5.15 1.10 6.25 
ACU2 3.78 1.70 5.48 
ACU3 3.67 1.51 5.18 
 
 
Table 1 illustrates in detail the effect of activated 
carbon on the surface properties of the three 
ACUs. The presence of activated carbon 
typically lowers the surface area and increases 
the pore radius of ACUs. The BET calculation 
indicates that the ACU2 and ACU3 surface area 
of 435.4 m2/g and 423.2 m2/g are greater than the 
ACU1 (184.2 m2/g). The total pore volume of 
ACU2 and ACU3 are higher than ACU1, but the 
pore radius is reciprocal. With a smaller pore 
radius and a large surface area, the ACU2 and 
ACU3 more porous than ACU1. Conversely, the 
ACU1 has a larger pore but is less porous. 
Carbon compaction can be caused by the 
addition of the sucrose process in ACU1 
preparation; as it is crushed, the carbon formed 
over USY is more aggregate than a powder. 
Consequently, the large pore size is estimated. 
The effect of sucrose binders on the oxide surface 
causing carbon compactions is shown by Shi et 
al and Irwin and Pirro[31],[32]. 
The XRF analysis was used to determine Co 
(CoO) and Mo (MoO3) after the impregnation 
process in those ACUs. Table 2 shows that 
activated carbon increases the amount of 
impregnated Co and Mo. In more depth, the 
metal content of Co was 5.15 % higher in ACU1 
compared to ACU2 and ACU3. The ACU2, by 
comparison, has the highest Mo content of 
1.70%. The most dominant variable is the pore 
radius size of ACU1 that accommodates more 
Co metal. The Mo metal was loaded after the Co 
metal; thus, Mo would be spread on the surface 
of ACU when ACU's pore is filled with Co.  
Thus, more Mo metal can accommodate ACUs 
with the highest surface area. Driven by the 
higher Co metal contribution, ACU1 has the 
highest total metal content (Co and Mo).  
Compared with the grinding process on 
porcelain, the use of ball milling during the 
preparation of ACU3 did not have a significant 
effect in terms of metal accommodation. 
Conclusions 
The amount of loaded Co and Mo metals has 
usually been effectively increased by adding 
activated carbon in the USY due to an 
improvement in the pore size of all ACUs. No 
structural replacement of the USY is observed, 
confirmed by the matched of 2teta XRD. Carbon 
compaction over the USY surface is caused by 
sucrose as a binder, drastically enhancing the 
ACU1 pore radius. Consequently, the total 
amount of metal Co and Mo loaded in the ACU1 
is the highest, followed by ACU2 and ACU3. 
The grinding method or ball milling at the 
preparation stage does not correspond to a 
significant improvement in the material 
characteristics, and the number of loaded metals 
remains the same. 
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